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,lthfit>mrol|er.acri)^^^^^ . .^...JZS-^gO 

j--*Thecontrpiler may receive signals -from sensors,;SUch V'^.' 
^ as aocelerorneters.to veiify a collision and/or sehsbrs to 
..;::.^indicata passenger presence.xThe controttef>jmay.salso • 



!dele|m.lne;V^e severity ;p^^^ 
the event ol acbllisibnrthe del brmatiixi^ol iKe:suuSural?."^^^ ^Jfbfirh'aricerof the p^hieTwtra^^^^^ 



:^r^f.y:^.:. t v'. . v*- ' 



v>A <>.•».•::•:'% .•'!:•••..>'* ".ftiv.'- x^:^\:3wM>'«»««m>x*2<vC 



V /vh* *A AVer <y4-Jvvc.':f^^im!PU4ftft&-- 




CM 

<., 

f: 

o 

a 
III 



' f^•XMc^:-:.»'<J^::'>:«^^u..•••♦^':•::^:::>■'•w.v*~•^^^ 
/ ■• :vx/.y l•l^>W'/^xt■:x•:■:■:w.w>:4^::^;•:^/.^»:^^^^ 



• ;,;v :; :^>,1iitVL^;*-.:;«;.i<^ : J. v--> 



Mrtid^ JoHM. 7S0gi MraSCFAl 



EPOnS 613 A2 



Ooscrtptlon 



in that It does not measure the acceleration of the vehi- 
cle, but an actual tmpacl. A known impact sensor takes 
• the foim ol a rod having one end braced against the side 
of the vehicle rocker panel Uust betpw the door), and the- 
other end braced against a switch. In a-oollision. 4he im- - 

- pact of the collision will deform the rocker panel, pushing 
the rod inward to activate the switch, which in turn acti* 
vates the passive safety systems. * * ' 

One drawback of impact sensors is their, size. In the . 
example above, the first end of the.ifod must be placed ' 
a suffident distance from the switch such'thaiihe del or- . ' , 

- rnation will move the rod relative to the switch; In other 
^ . words, if^the switch is too close to the rocker pane), the . ; 
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The present invention relates in genera) to vehicle 
, passive sat ety systems. In particular; the present inveh* 
tion relates to an improved collision detection system 
including sensors to detect deformation of the vehicle 
caused by a collision. 

Various types of passive'safely systems are known 
for improving- the. safety of vehicles. Two of .the most 
common are pretensnhing seat belts and air bags. Air 
, . bags and pretenslonlng seat belts'both require the sans* 
ing of an impact or cotlision of the yehicle td initiate their 
^ operation. While, vehicle coUisnhs^'biten involve iarga 

forces, (t is nonetheless difflmlt to accurately d^^^^ ; • - deformation will move the s^tc^l along with thj» ro^^ as ] \l 
Jl a cbllision'has/i^ctira^^ * .[.[C- • y^.a.unit, arid the switch will rii^^^^ ' t-rv.. •; 

• One of the more corrvmn contemporary* collision ' Another drawback with "inr»pact- sensors ^is" their 

Isensors is the acceieromatdr. The ao^^^ 'points ifiaiure. Phrased differehtly,,they^^^^ -v-;::-.. : 

.' .rneasura thia suddei); decele^^^^^ such inpacial the specific point at v^^^^^ . j- \ 

as when the vehicle njns headlong intpan object, or may . the above example, an impact, with a^elativer/ high ob-... , .... 
"measure the- Increase in acceleratloorsuch as an in- ?o • jeci, such as an off-road vehtelerhayfrig hlgh^ground • ; ^^^z- . 

clearance, would result In an apprreiable deformation 
<; d^e door before the rocker panel below the door be-; -" • ' ^ / 
• . /gins to delorm. However.' the rod is'not moved until-tHere v- / • ' 
• is deformation ol the rocker paneL^AVs^^^ ^' "^ * 

. 2f may not be sensed early enough for iliie. pa^ssive^isafety' .« - . . -v: 
' .systems to fully deploy ' . . . ••; * ' . .V. V . 



; crease in acceleratlonto the side as aresu^^ 

broadside.- '^-IS-'V :.v:a.v:'V*A-..»;im"X--!L.v • - V 

Two basic types-of accelerometers are employed, 
mechanical and'elec^^^ Atypical mechanical accel-j; 
eromater may be*¥weighV held Iri position by a sprih'gT 



with the force of^the spring beon'g^y^^ (and the' 

weight therefore moving) only urider^a predetermined 
^accaleratioa* -The; acceierpmeter therefpre '1^ 

.soma arrangamiant to sanserif the^ weight has moved, ^ 
: indicating that the acceleration has been reached (La; ^ 
.'a collision has oocurred). VVhilcPUiesa ■ 

well, it Is worrisome that the weighrremains in the'same .! 
■ position until there is ^afcollisipny,^^^^ bo ya^ris '.'! 



JO. 



\... A". • 
-vrf* •*: *,. 



. . •4&V.•^^• 
* 'I' . :v * 
... x:w •! 



, An object of the present lriyention.Js to provide a . 
vehicle collision sensor which accufatety, and;reliably '^"^ "-7^ 
senses a vehicle collision. • ..v^::,.:.v . ./nv^: y — .. Cv 
' • * Another object of the present inventna is to provkie •^-•^■y^ ■ • 
'Jx^-sucKa sensor which redticesto pds'sTbliity^^^^^ -V 
fMis)ondeti«:ttof>.; f : ; .,•!?^p^:i^?r^:£f^!^^^^ 
■ ... Yet another ob[ect,of the present jnyent ton,ls jb jsr^^^^^ 
\afler the sensor is maZhufacturedfSpecifically.\thsre is • -^^/vide such a sensor which detects;thedefonrnalk)h of the- '^^^^^ 
. ttie worry that after. sitting in ^le^^me position for pps-^. as veTjicle due to the coilisiori.. 
sibly years, the weight will not move if the predetermined '-^^c * « ^ Afurther object of the present invention is'toprovMe^>^> :»^: :» 
: accel.eration is reached; Anyxorrosion orcsticking. pre-.- • . : .<.such a sensor which is thin, permrtting.the sensor.tode-.x««: 
. iventing movement of the weightv>wil|{resutt-:in the pas*:x<-^xv.tect deformation in prevtously unavailable areas; vc>><:cwn^4^k<.»h»«:»k»«mv^ 
.U.klve systernsnotTppeVate^^ 

• ^occurred. ' • -^^^^^ -««-.:v^.«>«c«>x*«>::-*t^^^^ ^« : -v^^v^.-^^ v,,^.^^ ^^^^ sensor whk;h-(»h 'detect' defbrmatkjr^ over '^>^^^-^<^^-^ 
• Theelectnia^ 

- ezoelectric element which produces'an'electric charge ^* These and other objects are'^chieved by a collision ^<^^^^^^^-^-i^- 
' when squeezed. :This element-is placed between a fixed - - deformation sensor system for activating passive safety 
Structural member and:a-movable- weighl^such that ac->*^^* 

. :celeration causes-the.^weight^tp^sque.ezsi %th.e..element;: 

• producing the electric chargeAThlS:Charge>is-measured.. - .v •'<4ern8 ocxircuits.which.vaiy:jttieir>rasistance<with:dBlorr^x>»c%^^^ 
^•>da.siifriclen!ly&^^^^ 

-acceleraUon'has*been reach*ed.*The movement of=lhe' - nenlsof thevehiclei'suchastheddorinteriorfthequartBr'^**^*^ 

:..wai9ht= is agaip'af prbblerh.>rrlh.tfiisr'^e •iQf;sfl«sor;.iwith" :.;:::;>anelCartd^or theTfra^ V 

•^sticking of the-weight again producing less- of a signal - so.< dsfomiation'Of the'Stnicturarcomponent(s)<causes«tha»»»'»»''»^'«^ »^ 

than required, and thus not detecting a collision. resistance of the sensor to alter. This change in resisl- 

Furthermore, both types of accelerometers may re-^ • ^- < <»ance is. sensed. by< control- circuitfy;*and.x if .6ufficfently^:<:><:.v::w.«:vo.::- ■ 
.'.'port false daiisiohs: For. e • . ;!;."^!arde to'Sijicat^^ 

door closed may produce a 's.ulficreni J6rc1a/.to the*. ■'. '• "xii/try .activates:the;passiv'Csaf iatylsy . 

• accelerometer to set off (he paMiye'safei^ For ss; ' trbl circuitry nwy;£uidltlon"ari^^^^^ si9"^<?I?7]i?^ 

these reasons, a seoorid type'ofootCslon'sensor. the lifv oihersen8or8;'$udfi a8 aoceierometers to varify=^^^ • 
.; pact sensor, b s»rnetlmes|>refiwrjKl*'^.^^ • -. sipn ahd(or 8enM«;to'^ytf^^^ 

The impact sensor operates on^a different principle, - . in asea[t. The oantrordfcui^m - - : 



; t\: .v^'.'A- vMk^. ;..•*,. ^.-v ' 
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severity of the coilision and adapt the perlormance of 
(he passive restraint 8ystem(s) to the particular collision;^ 
The objects and features ol the invention^ noted 
above are explained in more detail With relerence to (he 
drawings, in which lilie reference numerals denote. Gtw 
elements, and in which: 

Rg. 1 isasideview'wiihpartialcut-awaydayehicle ; 
door having a sensor according to (he invention; 



i-d elofmati onupon a c oirtslqj} ,.hereafter referred 



to as a deformable component The deformable compo* 
nent may be any one of numerous- structural: compo- 
nents commonly known in vehicles; For exan^plOj in au- 
5 tomobiles the delonriable component may be an exte- 
' rior body panel, such as a door 20 shown in Fig. 1; or a 
quarter panel 22 shown in Fig. 2. Alternatively, the de- 
' forma bia component rna y_b. e a section 24-o f- the frame 
. ^ or cr>assis 26 q\ me venicle. as shown in Fig. 3. For other 
/ ' V!. \ vehicles, the possibilities will of course vary/For 6xam* 

Fig. 2 is an interior side view of a vahterB^quart flr ^. . pia in a tfucic the ta Ll gate may be a deformable compo* . 
panel having a sensor according to the inyentioh; • ; nen173^ditiohalj7,^v{e*aeV^^ is not lim* • 

-..(ted to these particular land vehiclesj but cpgid be an- 
inappropriate structural component of an aircraft.- water-' 
jbrali. train car. etc. , , '. ' , "^^^ - 



Fig. 3 is a side detail view of a vehiclalrame having ^ 
a sensor according to the present. Inyentlpn:. land . 

' '* ** • • • : • •< /ssis^Q-sensor iz may lake variousfo'fms; but prefer-' 
. Fig. 4 15 a schematic diagram showing the arrange-.. . : A <abty is. .or includes, a.thin filmielem9nt.28 wh ichNvaries : 
ment d^elements In an-emt)bdimeof^^ 



accoi^ding.to,the p.resent invention. 
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• • With reference to Fig.. 1 ; a collision defomjationseni:* 
sor system according to'the present invention- is-gener- ^' \^ 
ally dasiqnated'b v referenc e*flpmgra^^^ : :;i • 

JOjienerally i fyludes^ajde fpr ro ^^ e^" 
controlre'r^dpel^tiiTeV connectedtolhe 
cqntroller 14; is in.' turn pp.eratfyely jto^ 
rnore passive safety systems, i 6,^,,^ ^. . . . 

• - Prior to a mora detailed discussion of the jr^ventiye ; 
sensor system,, the passive safely systems controlled^ ^ 
by the sensor system will be described.-:These passive 30.. 



l^thin.th.e p{ w ol the..ejernent , or.,upoQ.beqdigQ^about i 
a;line.j}ajra llel io %La 4to>aj^heJjlsp ^ 

I'es may db empi oyeo for ine^elemen t 28:^Suitabla 
members to form the elements 28 are also shown in U. 
S. Patent No. 5.086.785 to Gentile and'U.S.'Patenl No./ ^ . . 
5j309iT35 to t^gford, both ol which are included herein'' ^jti"^; , 
by reference. White various elements are shown within f ^^^0^^ 
these patents, the most preferred forms arelyariabfe re- - , . ; . ^ 
sistors^ Even here, th e.most.prelerr.ed-fofms of variable ^^ ^^ 




•r^stoi^. ^Q jnte qr other formulations which may be ^^^^&^ 



re adily printed OLa pplied. I ngenerai, anv sensor whic h 
detects dbpiacem ent in a dyection othar tt^ gp norm^dj/^ 
the plane oi ina mm. may be empiloyed. 



systems iff-may take any fomi which automatically op- i uia 

erates duaio a.cbllislon to improfve passehger'safety. Y i he Sfln Sflr lirijakes the aeneraOomi of a circulj. 
The most common formsareair bags and prete^^^^^ " 




trace or pattenj ^ defining a path for current flow The'"* ' ' 
safety belts. The safety belts are of coufse.gsgociated:,^;;. /if-^parti cularsha pe of the pattern preferablyj s:de8igned to 
With the passenger.seals. and any type of be(iarrange-,j^ ' exttfnd over atleast a pgfticgi of. theje fe^ ..... .. ^ . 

ment, andpretensioning mechanism. mayte used'-''^^' -i::f\m, with this portion of course being deformable upon ^ 
' . -With regard to airbags. as is known- in'the artthe "l^^^jon. To ensure that deformation :0f. the component.^'! 
bags may be placed at numerous location»w'ithin<(he.v. causes defom>ation of thee lemenl,^it is further-preferred 
* passenger .cabih.;CoirniiTiorii"idcati^ rflicrc^'s^tfjBi^rtlon.mu^^^^ 
wheel, passenger side dashboard, rear f ad& of the front ^tJmes.^ 



' seats.Vand batweari th'e'passenger^ats ahd^ 



sides (typically doors) of the vehicle for skIb impact pro-' 



^While shown iri' FlQ.. 1 . H 'is hpt ;hiBi:asjafY' thait^^ 



tection. Any or allof these^kications, plus^other locations^ 
' as shown in the pnor art, may be emptoyed with this>sys< 



pro--. * - V entire pattern 30 be formed by the element 28- With ref-' -^^^ 
ions" erence to Rg. 2, it may be seen that jiheoanem^O -may. • Plyi^i *!^:^- • 



vymbe4ormedoLajlu»alftyiqf,sftaoedelem ^^ 



tern. Furthermore;. any;6r.'all'of tKd'aifi^^ sWidaJd coSuS^ 

the adaptive type^ where differing amounts of inflation :v -r These standard con ducli ^tpc,ej^ia Z;do not^vary. their, 
gas may be piroduced.depehdin9.bip6n.;^^ ::;isIectricaipropertIesTupon^^^ 

the collision'; • - ' • • ■.^•^^->:>^«^:^:^^^*»^^:•l«<«»w component As such, in the embodiment of =Fig.-2,'^the= •-*^-^»««^^«''=^«"*''-=- 



' .For eaeh'of the passfve saferjr ^systems'/lheiri^^ 
; is of course dependent upon the presence-of a'passen-:^ 
'ger For most vehtetes, at least diirihg ajc^li^iipii^^^ ' ' ' 
wOfty'pically be ailaast one passenger^Mho^thadm/er.-^^ 
''However, the other seats will rioVfieci^ssa^iy^be'^Ur^^ 
pied. As such, passive safety systems'may.hot>e.rer,:v 



individual elements- 28 will each\uh dajg6;;a^gha^ 
SlectTiSrpropertT^ 
thus causing a change In the electrical property for the 

entire pattern 30. • • v as*«a **..*::v<»ct*x->c:«*^«4»x»«w«>xy:':'>*+».|-. 

There may be advantages :ta formng (he'pattem,.<;;;;^^^^^.;^"^ft^' 
r-with the individual elements 28..First, if the material to'.yn^^l^ivlivV. ? 



quired for those seats which are eriptyl.Th'is wiH t)a 
cussed more below. -' ' .y.* V'^»m.n; .. 

Returning to the mvenlioa thd sensor;;! 2^te>ecllfed.^ 
to a structural component 18 of the vehido which wiii ' 



^ V/forrn. the' elements is expensiva, this arrangement.* re- 
' ' duces the amount of fliateriai used, reducing cost. /(d- 
ddkmlly; each element will contribute its bwn change 
n electrical property. This means that if the deformable 
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component i$ only siightty doformed (such as by a car 
door or shopping cart).' there is only a slight change in 
the electrical property .ot the 'pattern. While a paQem 
formed entirelyol the element 28'would also have less 
change in electrical property for such a email deforma- 
tion, the change would still te larger than for the spaced 
individual elernentg;..J;^^ — — 

As should be apparent, t he pattern must be con- 
. nected toihe.controll erJAf QrJhexontCQiler^ to.sj9n so'the 
iroperty Tp this end, the sensor wiir 
^ an appropr iate connector 34-to permit wi ring.36 to 
I attached to the e nds olthe^pattem . To reducetko 
amount of rnaterial 
it Is' referred- that 

dose proximity. Xh'fs addiUonalty penrnitsjiingl^^^ 
• . ■ nector to be 'used for th e sans c y^ ^ , :■ ;^l • 

JC. ^vr| -The serisorvi 2 !is.™uhled.to jhe 



TO 



may be achieved by spraying a coating, or securing a 
protective sheet, such as by adhesive. 

Jhe sensof lg,ls.pr^t.e.r 3blvfnounled up on a.section 
of'ilie defonriabla ramponent which is not visible. This 
is nolaJImitatlon for the chassis 26 of Fig. 3. However, 
- for exterior body panels, it is preferred thai the sensor 
. be mou nted upon an interior face of the panel. A lso, as 
_ noted iabove, the pattern should co<;^er a portion of the 
compo nent which will deform during a. co llision. 
/ ^^^Forcertain types or elements za the change Ineiec^*^^ 
/tricaj.p.roperty occurs only upoo d9tprm.atI0a.ln. a partlc-.^., 
rubr direction (e,g., bending about a ljne below the'ele-- " | 





IponentihsUcfr 
ft* 1^^: Jable .component.: will,bi.Jum 



J" i sensor This^mounting^may be .eflected by forrnirig.the 
:: r pattern upon afle^^^^ 1 V^fbus suit-^ 

f able substmtesr jsuch as K^ta^^ are available. The pat-- 
' tern may be-.piacikf ba the sutistirate!^^^ 
ing, transferring or bther suitabfo iec^hiquVi^^ su 
Insulating and' protectifi'g covet, layer 40 is typically' 
formed Qver;the pattern at this point. • . ' / . \ ^, '.'* ^ . . 

. .The substrate may then be secured to the deforrnr; 
able component'by any means which will permit defqr-^ 
mation of at least>^e 'eiemjpts*2Qjupon deformation of' 



'SO 



lindergo the particular type of deforrrg tion during'colti- 



.stori. An example ohhis^fftRown iirTiy..3, WhwejOw 



v-f*:.-: 



sereor is riwunted .to a collapsible section, 24 .of .the 
chassis,. Such sections are desigaed to undergo 9 spo- 
cificjiredictable defomnation underthe force of a collh; y : 
•stonj' and as such the element(s)-2a may ba. appropri- 
ately placed. II the deformation is randorn/the use of 
plural.^ small elements may. be -advantageous, .^Ince 
those elements which undergo the wrong type of defor* 
. matlbn will not vary their electrical property; However, 
. those elements which undergo the proper deformation 
will vary their property, and this may bo sensed to acti- 



•^vate the passive safety sy5tam(s). ; *^- . . ' . ' "7. 

?w«/-As is best shown, in Fig. 2, it is also possible to use. -vt*,. 

the deformabia cornponenTWiswill vary.with the.par'y»".g^^7fnore1han o ne sensor o n each cpmBgjent.vln'the:en»* ^.%<>':<^.«x- . kzh^ 
ticular deforrnabie obinponent For.some c6mponent8^-!^^fc| boS'meht shown, th eexteriorqu^ 
(typically those having visry. predictable and!simpla'^deX:::.':!fred w^^^ a first sensor.l2a in a portion corresponding' to" 



formed shapes), simplyyecuring the peripheiyi^pr.^^ 
tion of thii.periphery^ of the substrate to the compbnent-^'^*^ 
wdl.be sufficient to..(^.8ure that the elementj^. defprmed ...?s 
with the componentr'This may be achieved-with'Stand- 
ard fasteners such-asscrews. etc.,'Or.may:be:by:adheT^ 
sive bonding, :or heat or- uflrasonic::bonding:*rFor fnost«:«>« 
*cnppnenis.3) 



!the front area of the vehicle».and a second.sehspi^^ 12b 
'in a portion correspondinQ tcra side of the yefiicl eJInthis' 
nnanner, theMirst'$ef>$or iza rnay be usedJlp^senM a' ' 
•frontal collision, while the second sensor^^l 2b 'senses*^^^>»*«^*««««' 
• side or lateral colltsions. As^oted above, 4he elements 
may-Tbe' orie nted to avoid or i^^ uc^ improper gensln o ^^A^^ 
(dUctias'secorid sensor 1 2b jlbr.lateral MQislbnsM'fi^lhgv^^^ 
frontal collision);'-'*^ -..o*-.*-. '>^'^^^i^>.s,^.v,j>. 
MoreAaiLonBJseosofcma^ 'used to s¥nsG>| 



<f v; :>■#■ 

• • v.. 

: ^":';> rw." >\ *' 

V ... *> /•.::.. 

f.>/.v, :v{> 

• v<v"»v.%:- x:>v- 



. : . tlons Under the* elements 28) is'securedio^he-cioimpo-^^^-'^ya collision within acommonarea For example^ two sen- 
:* " O^Pi^ jnolal^opmponents;,^ could cover a common •area;vand both- be r? 

A/(.sv. '.. . 7,i r by 3dhestvely securing:lhe:substrate4o:thycorTOonent>:i^Au>:rf.3 ^ to the cQ nlioller:vThe controllapwould only j- 
9»;^<f::—y,^. . ;f^or pfasttp%cont!ponent5.v adhesiye^;may;^^^^ safety systems J.both.96nsor:.underwent:a' 

.K heat oruttrasonlcwelding isalsopossible..a84 smolding<> «cKj«.t8ufficient change in property to justify activation, butfioll ^ 
V--: thrsen^ihiS^ uhde«feM,sych-g cf«ngiJ:;th^ 

- " ' Dependingupon the'cornponentand the asie7 n'ma/'"'''']^^^ against accidental activation oflhe safely sys-i' ' 

be preferreid jo form-the>cnsor dirMftly updh^the'S^ " ^- • * * * " * - ^*^-'">^ <>.>*x.<x.\ 

* ponent*>Thls^4s shown<ln^Flgf'2j«Forthls arrangement?"*^^? ''<|" »>^As-noted above;- the sensorfsVareopeiatlvely con-;:¥i(H 
the pattern 30 s directly appfied to the cornponent using \i Stectedtooontrolter 14. If plural sensors are used, each W 
the printing;- spraying;- tran$fer,«etc.^proce$ses vnotra^«1^^UlS connected tooths oontrollerj'orJs>providedKinth.lts own^» 
J;:r^V; ibpye. iFor thii to be operative1t]s>>f:cpSrsS hei^^ 



»}« k-'^>x-: ; i> via 



V*; ' * that the component be nonconductiye (le/;.di*electric)iVKi?4|i};^<^^^ may. be used with the aehsbrs,i»;ii^ 



; ortdform a<!SJ2££i-^'*^-'1^ re- 
forming t hepanem Additionally, it wiil typicau/be nec"^-^ •'{ '|tionve^ die siansor!^"^^^ 
essary to form an insulating and {irotecthre iMveY layer; 4 Vitiftiatingaisafety sys^^ acti\^tion ugnal Upon a 
over the pattern, as In the previous embodiments. This * 1 relent change in tfie efectricai property.- 
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with a different inflation (le., pressure output) profile to 
provide adequate protection even lor these pass^erigers. 
• i-TYie controller may also consider the characteristles 
of the change in sensor property to judge the severity of 
s the collision, and cause the safety systems to adapt their :' 
response accordingly. For example; the controller-may - 
• consider not only whether the calculated change ihien- . 
' '^6or output has exceeded the threshold yaluerbyt also - - 
, • bry how much the threshold has beeh/ exceedeU^Fdii.e^^^ 
la^^OTple/B/the ch^^^^ v " * 

, ."the^threshbldyaluaVthls would indicate ' 
• '^'ooUtelon; and the-safe - 
, . ! Jprowia'a modefa^ adhM^hg^anx.^^^^^^^^ • 

•air-bag at; a low';;arnount"Ol Inttetto^ConVersely^'a--^^^^^^^ 
.'.f /ii^^ge'jhserisoroi^^^ ' ' 



The controller may consist of or include a simple 
circuit which produces the activation signal upon a suf« 
ficient absolute- change In the property. For example, 
from an original baseline value o1 5. the circuit activates 
when the property reaches a value of 30. However, it is • 
desirable to take into account changes in the property 
which are not relevant to the collision. For example, ther- 
mal expansion or contraction, age, or an existing defor-' 
mation of the component may cause a change in the . 

• property which Is' independent of any collision. * 
. . As such.' it Is preferred that the controller, constantly . 
reset its baseline value for the property, and thereafter ^ 
cbrisiderchangasintheVopertyirelativB updatedX 

' baseline, in thislnanner the controller does not activate ^ 
based upon^the^^absotute amount of change in the iprppr. 

• erty, but rather upon the rate of change in ^« property; •• "•*«value y^ld-(^ cdlislonrand thesafety • • 
Changes iri'the property dua to therrnafixpansbn, etCr .3ystemscbuld bo/acthrated. to-ttieir- high 4ev(ei)^uch^^^<J^^^^^^ ' 

. noted above bccyr slowly, and thus nnay be disregarded: j*. ^; J^a« by providing giiefaler jnflation prei^ to tHtf aliftag. ..p. 
. Collisions. ..however., .occur .rapidly. ..and .these rapid From the foregoing It will be seen that misjnveniion \ .J... * 

• changes n^ay..be det.ected to cau^ the controller\to acf ' . ^ f s one well adapted to attain ad. ends and objects here- ' •; 'j;.^.^ • 
. ti>«te the safety systenris: -■^.■. f- - - i -^^^ * . . .v;;^- 

• ;;;t^ls arrangement Is shown lrv Flg.:4. where the cori'^ ;|^*<;;;'f: which are^obvlous^and which are Inhereni to the; siruc- >• 
' trbller\l4 empli^s a microprocessor 42 which c^^ ..' ; ' 

the value of the propeity several times a second, and " ' || will be understood that certain features and sub- 
stores the previous reading in a mermry 44 as the baser ^ . ' .\ .'. 

: line for each subsequent reading. With this method, the'^ ' ; reference to other features and subcomblnatiorvs. This 
. stored baseline js subtracted from the current reading. .... is contemplated by and is with'vi the scope of the claims, 
providing the arrnunt of change in the property since the' ; ; ^ 7 Since many possible embodiments may be made 
'. 'last rea(^g..THisvalue is then coiTiparedtoa t^^^ -. of ihe invention without departing from the scope:there- ■ - 

value stored in the memory 44. Only when thlscalculat*M of, it is to be understood that all matter herein^lforth 
. edvalue is greater than.lhethresWldvaluet^wiltlhe^-^^^^^ . / . 

irolleradlvatelhe safety systeins:^ • .• :. ^.preted as illustrative.. and not in a limiting sense. ' ..ii'- f 

... U.As notedibwe. the contrplte^^^^^ , ;',.^'v,y. . .^.V --'. • 

fer.enc8 betwe.en:the current readlngofthe sensorand''^^^--^^^' '^^^ .^•^.>:.:; . % . .. 
^ Jhe Stored baseline value agan^^ . ^. 

ue: Such abasic system will^oparate effectively and pro- • *• . ^ .-^i. : .. ^ • : «.> v..:x;.:.\ : a» . . 

: .vide very effective protectioatotlie passenger(9) of.theo:x.t/I 
^vehicle; However, the controller-may also consider other-^« >^> ;»:'< .^x.{ng: 
I (Mtiirs' in detiiMinjrig Whether toactlvate-ltie Wety sys^^'i;^*^ 

• • lams. ^ ' * * 's *.m ;us:: — *^^v.-c..•*.^^:J^,*Ki4fl:*...«..!»'-c^: a aubstrate^CSB);" • '• " ' 

;";"-:;;F:dre)alfpple^ circuit pattern •(.t2. l2a.:;.12t)) fdrmecl^upori ^ 

\ T^«^!?w^^ patteriHt2; 12a.>?b]^haying^^te^^^ 

: erate In a standard manner, but the controller would also%^^»%«ii^'i?'''^':»cal property: Which variesvupon* sajd^ defofma- ' 
?i..cprgiaervthM^ife^ cSiiC^«1:>^^ safii'pbrtion's m^n>:\: --^^i^J^ . 

.wc.perform an^'ANO.*'Cperationr.wheretthe safely systems said 6ubstrata(38) being mounted upon a com- . 

V w.'?«tivaUd3f.'lwm 

8ter'421ndicate^a'coOisi6h, but are not activated if only *-**^-'^'^^''^"*"* •collision.-*'-'-** " ' " ' " •> • 

onVor -the other indicalesa collision^ • •* "'^'<-^ - - <■ = • * • • - --^ - : :. 



• . >«<••• JL • 



.* *<*. • 



.':-:x*,x>:::y>.N 



.1 :: •* :*: » < >.-X/>- : :■> > 
; w <^"v: : . :*k : w >•»■ >w • -v . 



;.^/<v«ce»coA8 another example <the controller 14 could receive>^^<^' "2. <- The sensor (10) of claim 1. further including acover 

%r:is present in:a.partieular area ^Tbe.con^ .^.>^<n>:.»..w .ix^v.-.^ ^. . 

..; yScUvSaie the;1safe^^ : ^ V/J; the sensor.of^piaJrn or 2,^whefeiii"said substrate ' 

-VJI. Vie passenger. weri9 sensed to be present: Similarly;.^ rLV'^'(38)isa * 

.tfeere may t^^oij{«f-positlori SBrisor8'(not shown) lode^y r: - l::pon*erit (20..22;:24).:.'. ' '''yi'l • 
• ' termineilpassengersara sitting unusually far fonward ' • " ax-'-. ' .- -i- • 

' 'dr tothesfdadfthoseat. In such asituation the controller " ; * ' 'A:- The $^ensor ofdairh r. 2or*3;.y^erein said defbrm* 

•ooutd InitiatB the safely systems sooner than normal, or . v. ' abta component (20. 22) is an exterior body section 
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olthavehiclB. 



The sensor of clabn ^\ 2 or 3, wherein 'saU'defbrm- 
eble component (26) is a section (24) of a f rame of 
said vehicle. - vr. 



$, . The sensor 6l any preceding- claim, herein more. 
' than bne of said sensors (12a,*1'2b]f'f8'mduhted up- 



on said.defoifmabte .corhponeht(22)!^ 



7.. The servsoroi any preceding ir^lm, *w^^ iv. 

' cuit pattem'(1 2ar12b) includes lines (32) formed of''-^^ ' 
A . conductive materet. ^ichvdoeA.not:.chango -said. 

= eleclricalpfopertyupon said*deformatton^w^ 
, V linos (32) being (^hnecte^^ 

^ " ductive fnaterial which does' change said etectrtcaJ'*"'^ ' " 

... < pfOpeffy.UpOn 6ad>def0fmali0no «.v/:"s ><:v:: :«:• • , « > 



':-:w*A> . 



.•■V. 



■• •- ... ■»''i)c>-''i<'A :%-flt ••>>•;•.:•.•.•<•;> ;v».." ««,^" .*:?:*"•>»•;:.>:";.. 

• ::':y<-x .• •\.>k.\..<.,-.*:y:/:-;><'-;/:- : :»\:.^-< '.x: x: *. 

• * {>:*:• ',vw::4 .•..>.:> h..:x:<4:r*<»- x..-.>vxK vt.fr^Mrt^xrAy:^ >:..^...:'t ./ 
: * • ..... ^s:/" .•♦vvv-: . . •.. •••.v. <> ./y „•■»'. 



: Y- Vs-- J- ^<r*-.* ^ r» :i?ltt'.\S;W; V:'- • \A?^>:i'Var.:-.u'V.^'. ' 

^'•'» •:>*K.y ^vx+'xk: Mt'wiftrs. •*.:*::.';-.*v:x:»-.n-.:- 
. • ..*..• , -^r'tiiv:...., • 

/.::'>• ..V .,'„>:•<,.> w.* .;. xi','v>.> .>v.x sac. . > .x... ^1 

• •••• .. j"<rv.:>;.< '•M'^w.s:;vk,::j*,'<" * .vt.; a .a. 

••..J .. ...•f'\r:V:;:V;.,>;,;:Vj:- v;.':r;ift:N.. ',.v.-..V, *'.>■.; . 

: ■.•>:;..:*<:: ^U:V»:fe:.V^;VTs;xVv * "....rw..:;. v .* 

• • :• '•'«\:/.-:v:wy.5/:x>u:-:v.-.:'>cxA^-. • . :. ^'• : 
.• : . '"V -x: KK-<,*i«i.>>\:>:,. . .Arwx^ . 

• ...... 'v.fl,.:.:^' t:, ,;.^.^x■>^:;^x'^^: ■ ':>^^^•^ v 

• • \« A^^xx«•3v^^^^:v^ <■»■>::s•^*^^^ 4. v. x^.:^t^r-..::x<cr•::•/x■c:*A«• 

. ■*'.»>y4»A%Nv{.vwE:'>'>«x:x*K*<*«*«y«««x::\..*\;: 'x: 



35 
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•.sK<.\.-::.v-:. . 
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• 



.•</^^>•■y *<:•.*.• ■ 




• >,•<.■: '-y :•>.'<« 



:t; ^i:•<KA*«:Vi^, fy^'ffVi* -ifXXmA ««ftV«:.«f JsftW ; 
■< :':•;:..} ^•v:^iw«/:■•:x^•/x:^^^: ::::<M'K<-:>5v' 





.!«*.^«KMS6ee60fflc»e»»»fcW.:<cM»Av:*x<v<:«fcw.:<.::^^^ .A-.<v:-:LXA*vfA::iy: ;:w'««x>x:>K-c<i->.<«::*5K« 



I 

».v»»^x*:»'A^»»'.::y>»:tK*/::<-x'w:xy • :••,:•<'• ■<% .-vir. .: • i-.y.v..^" \ a:<>. •:*N.<v»vC-:-:':x-:;y«-w-x«£>'w 
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' vating passlv&^ety^ystems in a vehicle; The eystem ' (12a, '12b) to alter. Thie -resistance'changa: is sensed «^ rx^xv:K:-><-:v>. 
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'.The sensors.'(t2a'\t^b)'are.placed updn'bne tbVerify a colHsibn;fiuid/crsensor5,to'''';*^^^^ 

structurai^^compo^^^^ «h!^VeKici5;i;^^^^^ gassenger P.S?once^^!?^^^^ 

door intarioT'a quarter panel and^r a chassis fiam^71n^^^^^d^^^^^^ adaptive per*-^ 

tl»wenlo1a.cplis<o5.4hede^^ 
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